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(54) ROTARY SPRAY HEAD COATER 

(57) A rotary spray head coater such that paint 
adhering to the edge of the outer circumferential surface 
(13H) of a bell cup (13) is removed completely. The bell 
cup (13) has a thinner passage (18) for communication 
of the outer circumferential surface (13H) with the paint 
reservoir (17) of the bell cup (13). Through the thinner 
passage (18), the thinner flowing out on the outer cir- 
cumferential surface (13H) of the bell cup (13) is intro- 
duced to its discharge edge (13D). For the introduction, 
assist air jet outlets (30) through which assist air is jet- 



ted out are provided inside shaping air jet outlets (4) on 
the edge surface (3 A) of a shaping air ring (3). There- 
fore, at the time of cleaning, the thinner flowing out on 
the outer circumferential surface (13H) is pressed 
against the outer circumferential surface (13H) of the 
bell cup (13) by the assist air and the shaping air and 
introduced to the end side of the bell cup (13) to remove 
the adhering paint. 



Fig.1 
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Description 
TECHNICAL FIELD 

This invention relates to a rotary atomizing head 
type coating machine particularly suitable for use in 
paint coating operations involving color changes. 

BACKGROUND ART 

Generally, rotary atomizing head type coating 
machines are largely constituted by: a cover which is 
formed in a cylindrical shape; an air motor which is pro- 
vided within the cover; a rotational shaft which is pro- 
vided axially in and rotated by the air motor; a rotary 
atomizing head which is mounted axially in the rota- 
tional shaft and put in high-speed rotation by the rota- 
tional shaft; and a feed tube provided axially in the 
rotational shaft, and having a fore end extended into the 
rotary atomizing head for spouting thereinto a paint or a 
thinner as a solvent. 

In turn, the above-mentioned rotary atomizing head 
is constituted by: a bell cup which is formed in a bell- or 
cup-like shape; a hub member which is located on the 
inner peripheral side of the bell cup and defines thereon 
a paint reservoir for holding a pool of paint supplied 
through the paint feed tube; a plural number of paint out- 
let holes provided on the outer peripheral side of the 
hub member to permit the paint supplied through the 
feed tube to flow out from the paint reservoir toward 
marginal releasing edge at the fore end of inner periph- 
eral surface of the bell cup; and a plural number of sol- 
vent outlet holes provided in center portion of the hub 
member to permit the thinner supplied through the feed 
tube to flow out from the paint reservoir toward the front 
side of the hub member. 

The above-mentioned feed tube is connected to a 
color changing valve device which supply paint, air and 
thinner through a paint supply pipe. Further, the coating 
machine is connected to a high voltage generator to 
apply negative high voltage in electrostatic coating 
operations. 

With a conventional rotary atomizing head type 
coating machine which is arranged in this manner, a 
coating operation is started firstly by supplying com- 
pressed air to the air motor to put the rotary atomizing 
head in high speed rotation together with the rotational 
shaft. In the next place, a paint is spouted out from the 
feed tube into the paint reservoir which is provided on 
the rotary atomizing head. As a result, the paint is urged 
to flow along inner peripheral surface of the bell cup 
and, after being spread into a thin film, sprayed as 
charged paint particles from the marginal releasing 
edge at the fore end of the bell cup. At this time, the 
change paint particles, which are released from at mar- 
ginal edge of the rotary atomising head, are urged to fly 
toward a coating object along lines of electric force of an 
electrostatic field which is formed between the coating 



object, and to deposit on the coating object. 

Further, it becomes necessary to change the paint 
color, air and thinner are supplied to the rotary atomiz- 
ing head from the color changing valve device, thereby 

5 washing away the previous color which has deposited 
on liquid-contacting surfaces of the rotary atomizing 
head. Then, a paint of a different color is supplied to the 
paint supply passage in preparation for a coating oper- 
ation with a new color. 

10 However, at the time of supplying paint of a fresh 
color as described above, it is often the case that the 
new color deposits on front surface of the hub member 
as well as on outer peripheral surface of the bell cup. 
Besides, the paint which has deposited on the rotary 

is atomizing head undergoes solidification while a coating 
line is stopped for a certain time period due to a trouble 
on the line or for a lunch-time break. Similarly, paint dep- 
osition and accumulation takes place when a paint of 
same color is used for hours. 

20 In such a case, it becomes necessary to wash 
solidified paint deposits off the liquid-contacting sur- 
faces of the rotary atomizing head since otherwise defo- 
liated fragments of solidified paint will make coating 
defects. 

25 In this regard, in order to wash deposited paint off 
the rotary atomising head, while the rotational shaft and 
rotary atomizing head are rotated by the air motor, thin- 
ner is spurted out from the feed tube into the paint res- 
ervoir on the rotary atomizing head, separately from air 

30 and thinner which is supplied from the color changing 
valve device. By so doing, a part of the thinner is sup- 
plied to the marginal releasing edge through the paint 
outlet holes from the paint reservoir to wash away the 
deposited paint at the marginal releasing edge. Also, a 

35 part of the thinner is supplied onto front surface of the 
hub member through the solvent outlet holes to wash 
away deposited paint from front surface of the hub 
member. 

In a coating operation with a conventional paint 

40 coating machine of this sort, paint particles which are 
sprayed from marginal releasing edge of the bell cup 
are applied with a high voltage by a high voltage gener- 
ator, and most of the charged paint particles are urged 
to fly along an electrostatic field toward a coating object 

45 which is connected to the earth. However, there is often 
a case that a part of the released paint particles tend to 
flow in an inverse direction toward the rear side of the 
bell cup, and to deposit on fore end portions of outer 
peripheral surface of the bell cup. 

so Namely, when the rotary atomizing head is put in 
high speed rotation, vacuum pressure regions occur on 
the front side of the bell cup under the influence of the 
high speed rotation, and a part of paint particles are 
sucked into the vacuum regions by the so-called pump* 

55 ing phenomenon and caused to flow in a reversed direc- 
tion toward the rear side of the bell cup. 

In addition, for the purpose of shaping the spray of 
paint particles into a suitable pattern depending upon 
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the conditions of coating operation, shaping air is 
spurted toward the outer peripheral side of the rotary 
atomizing head from shaping air outlets which are 
located at the front end of the cover. Due to the jet 
streams of shaping air, vacuum pressures are devel- 
oped partially around the outer peripheral side of the 
bell cup, and as a result, a pari of paint particles are 
caused to flow inversely toward the rear side of the bell 
cup. 

If paint particles are partly entrained on inverse air 
flows in this manner, they deposit on outer peripheral 
surface of the bell cup and remain there in a solidified 
state. Therefore, under certain conditions of coating 
operation, solidified paint falls off in small fragments 
which can detrimentally impair the quality of end prod- 
ucts by depositing on coated surfaces. 

Further, according to the prior art coating machine, 
the marginal releasing edge of the bell cup and front 
surface of the hub member are washed with a thinner 
which is spurted out toward the inner peripheral surface 
of the bell cup from the aforementioned feed tube. How- 
ever, difficulties are often experienced in removing 
deposited paint from the outer peripheral surface of the 
bell cup simply by supplying a thinner through a feed 
tube in such a manner. 

In this connection, in an attempt to overcome the 
problem just mentioned, Japanese Utility Model Laid 
Open No. S57-62659 (hereinafter referred to as "other 
prior art" for brevity) discloses a coating machine 
employing a washing nozzle which is arranged to spurt 
a thinner toward the outer peripheral surface of a bell 
cup for washing away deposited paint therefrom. 

According to the coating machine by the other prior 
art just mentioned, at the time of washing the outer 
peripheral side of a bell cup, a thinner is simply spurted 
toward outer peripheral surface of the bell cup while the 
rotary atomizing head is being kept in rotation. There- 
fore, the thinner is splashed back on outer peripheral 
surface of the bell cup instead of being brought into inti- 
mate contact with the outer peripheral surface thereof, 
there by often failing to washing away deposited paint 
from fore end portions of outer peripheral surface of the 
bell cup in an assured manner. 

In order to wash away deposited paint from outer 
peripheral surface of the bell cup in a more reliable man- 
ner, free of the above-mentioned problems of the thin- 
ner being splashed back without contacting outer 
peripheral surface of the bell cup to a sufficient degree, 
it is necessary to determine the position and direction of 
a washing nozzle precisely and elaborately in relation 
with a thinner feed rate through engineering processes 
which require extremely sophisticated machine design- 
ing and production technology. 

Further, considering complications in construction 
and increases in the number of machine parts and pro- 
duction cost, it is inefficient and uneconomical to pro- 
vide a washer nozzle exclusively for the purpose of 
washing outer peripheral surface of a bell cup in addi- 



tion to a feed tube which is fitted in rotational shaft of the 
rotary atomizing head for spurting a thinner toward inner 
peripheral surface of the bell cup as in the above- 
described prior art coating machine. 

5 

DISCLOSURE OF THE INVENTION 

In view of the problems of the prior art as described 
above, it is an object of the present invention to provide 

10 a rotary atomizing head type coating machine which 
can wash away deposited paint from outer peripheral 
surface of a bell cup in an assured manner by letting a 
solvent which is spouted from a feed tube, flow out onto 
outer peripheral surface of the bell cup through a 

15 number of solvent outlet passages provided on the bell 
cup. 

It is another object of the present invention to pro- 
vide a rotary atomizing head type coating machine 
which is arranged to guide a solvent which has flown out 

20 onto outer peripheral surface of a bell cup, toward fore 
end portions of the bell cup by the use of assist air 
which is supplied from front end portions of a cover. 

It is still another object of the present invention to 
provide a rotary atomizing head type coating machine 

25 which, when a solvent is spouted into a paint reservoir 
from a feed tube at the time of washing the rotary atom- 
izing head, can feed the solvent into solvent outlet pas- 
sages of a bell cup in an assured and reliable manner. 
The rotary atomizing head type coating machine 

30 according to the present invention basically includes a 
cover formed in a cylindrical shape, an air motor pro- 
vided within the cover, a rotational shaft provided axially 
in and rotated by the air motor, a rotary atomizing head 
mounted on the rotational shaft for high speed rotation 

35 therewith, and a feed tube provided axially in the rota- 
tional shaft and having a fore end portion extended into 
the rotary atomizing head for spouting paint or solvent 
thereinto. 

In accordance with the present invention, for solv- 

40 ing the above-mentioned problems, the rotary atomizing 
head is constituted by a bell cup generally of a bell- or 
cup-like shape, a hub member mounted on the inner 
peripheral side of the bell cup and defining a paint res- 
ervoir on and together with the bell cup for temporarily 

45 storing paint spouted through the feed tube, a plural 
number of paint outlet holes provided in the hub mem- 
ber to let paint or solvent supplied to the paint reservoir 
from the feed tube flow out from the paint reservoir onto 
fore inner peripheral surface of the bell cup, and a plural 

so number of solvent passages provided in the bell cup to 
let a solvent supplied to the paint reservoir through the 
feed tube flow out from the paint reservoir onto outer 
peripheral side of the bell cup; and assist air outlet holes 
are provided in front end portions of the cover to spurt 

55 assist air for guiding the solvent toward the front end of 
the bell cup upon coming out onto outer peripheral side 
of the bell cup through the solvent passages. 

With the arrangements just described, the rotary 



3 



JSDOCID: <EP 0878238A1J_> 



EP 0 878 238 A1 



6 



atomizing head is put in high speed rotation together 
with the rotational shaft at the time of a coating opera- 
tion, feeding paint to the paint reservoir through the feed 
tube. Whereupon, the paint which has been spouted 
into the paint reservoir is diffused within the paint reser- 
voir under the influence of centrifugal force and urged to 
flow out therefrom through the paint outlet holes in the 
hub member and to run along the inner peripheral sur- 
face of the bell cup toward the fore end thereof. After 
being spread into a thin film, the paint is released in the 
form of atomised paint particles at marginal edges at 
the front end of the inner peripheral surface of the bell 
cup. The atomized paint particles are caused to fly 
toward a coating object for deposition thereon. 

When it becomes necessary to change the paint 
color, a next color is supplied to and filled in paint supply 
passages after washing away deposited previous color 
from the feed tube and rotary atomizing head with the 
use of air and solvent. 

In case it becomes necessary to feed a next color 
after a temporary suspension of a coating operation, 
paint which has deposited on the rotary atomizing head 
is washed away by spouting a solvent into the paint res- 
ervoir through the feed tube separately from the supply 
of above-mentioned air and solvent, while putting the 
rotary atomizing head in rotation. A part of the solvent 
supplied to the paint reservoir is urged to flow out 
through the paint outlet holes in the hub member toward 
fore end portions of the inner peripheral surface of the 
bell cup to wash away deposited paint therefrom. 

On the other hand, a part of the solvent which has 
been supplied to the paint reservoir is allowed to enter 
the respective solvent passages in the bell cup and flow 
out onto the outer peripheral side of the bell cup through 
the solvent passages. Thus, through the respective sol- 
vent passages, a part of the solvent is allowed to flow 
out onto the outer peripheral surface of the bell cup for 
washing the same. 

An assist air is spurted out through the assist air 
outlet holes. Therefore, the solvent which flows out 
through the respective solvent passage, tends to scatter 
away in radially outward directions under the influence 
of centrifugal force resulting high speed rotation of the 
rotary atomizing head. However, the solvent is forcibly 
pushed against the outer peripheral surface of the bell 
cup by the actions of the assist air which is spurted out 
from the assist air outlet holes. As a result, the solvent 
is guided toward the front end of the bell cup, thereby 
washing away the deposited paints from the end portion 
of the outer peripheral surface of the bell cup. 

Further, according to the present invention, shaping 
air outlet holes are provided in front end portions of the 
cover radially on the outer side of the assist air outlet 
holes. 

With the arrangement just described, the solvent 
within the bell cup is urged to flow out onto the outer 
peripheral side of the bell cup through the respective 
solvent passages. The solvent flowing out onto the 



outer peripheral surface of the bell cup in this manner is 
forcibly pushed against the outer peripheral surface by 
the actions of assist air which is spurted out through the 
respective assist air outlet holes and of shaping air 

5 which is spurted out through the respective shaping air 
outlet holes against the centrifugal force resulting from 
high speed rotation of the rotary atomizing head. As a 
result of suppression of scattering of the solvent in the 
radially outward directions of the bell cup, the solvent 

w can contribute to wash away deposited paint from the 
outer peripheral surface of the bell cup. 

Preferably, according to the present invention, the 
cover is internally provided with an assist air passage 
for distribution of assist air supplied from a pressurized 

15 air source and an exhaust air passage for distribution of 
exhaust air from the air motor, in such a way that air 
from the assist air passage and exhaust air passage are 
joined together and spurted out jointly through the 
assist air outlet holes. 

20 With the arrangements just described, air which is 
supplied from the pressurized air source through the 
assist air passage is joined with exhaust air which is 
supplied from the air motor through the exhaust air pas- 
sage, and jointly spurted out through the respective 

25 assist air outlet holes toward the front side of the outer 
peripheral surface of the bell cup. thereby utilizing 
exhaust air effectively as assist air and reducing the flow 
rate of assist air from the compressed air source. 

In this regard, according to the present invention, a 

30 plug may be detachably attached to the exhaust air pas- 
sage for the purpose of selectively bringing the exhaust 
air passage into and out of communication with the 
assist air passage. 

With the arrangements just described, assist air is 

35 supplied from the assist air passage alone when the 
exhaust air passage is stopped by a plug, and assist air 
is joined with exhaust air from the exhaust air passage 
when the plug is removed therefrom. 

Further, in another preferred form of the present 

40 invention, an assist air controlling means is provided 
between the assist air passage and the pressurized air 
source for the purpose of controlling the flow rate or 
pressure of assist air. 

With the arrangement just described, either the flow 

45 rate or pressure of assist air can be adjusted by the 
assist air controlling means to a suitable level in pushing 
the solvent against the outer peripheral surface of the 
bell cup. 

tn still another preferred form of the present inven- 
so tion, a flange portion is formed around the fore end of 
the feed tube for diffused distribution of the solvent 
spouted through the feed tube. 

With the arrangements just described, as soon as a 
solvent is spouted out through the feed tube at the time 
55 of a washing operation, the solvent is diffused by colli- 
sion against the flange portion, and as a result, a larger 
amount of the solvent is distributed toward the paint out- 
let holes in outer peripheral regions of the hub member, 
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thereby contributing to wash away deposited paint from 
liquid-contacting surfaces and outer peripheral surface 
of the rotary atomizing head. 

In this regard, according to the present invention, 
the flange portion which is provided around the fore end 
of the feed tube may be provided with a number of 
notches at intervals around the circumference thereof. 

With the arrangements just described, as soon as a 
solvent is spouted out through the feed tube at the time 
of a washing operation, a part of the solvent is allowed 
to flow in a straightforward direction through the notches 
in the flange portion while the remainder of the solvent 
is diffused upon collision against the flange portion. It 
follows that, by adjusting the size, shape and/or number 
of the notches, the solvent which is spouted out through 
the feed tube can be distributed toward the respective 
paint outlet holes, solvent outlet holes and solvent pas- 
sages in a suitable ratio. 

Further, in another preferred form of the present 
invention, an annular guide member is provided around 
the outer peripheral surface of the bell cup in predeter- 
mined spaced relation with the bell cup to form therebe- 
tween a solvent diffusing chamber in which the effluent 
solvent from the solvent passages is diffused. 

With the arrangements just described, the solvent 
which is supplied to the paint reservoir during a washing 
operation of the rotary atomizing head is allowed to flow 
out onto the outer peripheral side of the bell cup through 
the solvent passages. Then, the solvent which has been 
introduced into the solvent diffusing chamber is diffused 
over the entire periphery of the bell cup within the diffus- 
ing chamber before leaving the annular guide. As the 
solvent flows out of the annular guide in diffused state, it 
is pushed against the outer peripheral surface of the bell 
cup by the action of assist air which is spurted out 
through the assist air outlet holes, to wash away depos- 
ited paint of previous color from fore end portions of the 
outer peripheral surface of the bell cup around the entire 
periphery thereof. 

In this instance, an annular protuberance may be 
provided within said solvent diffusing chamber thereby 
to distribute the solvent around the entire outer periph- 
ery of said bell cup. 

With the arrangements just described, during a 
washing operation of the rotary atomizing head, the sol- 
vent which flows through the solvent diffusing chamber 
is temporary blocked and diffused around the entire 
periphery of the diffusing chamber by dam effects of the 
annular protuberance. 

Further, according to the present invention, an 
annular barrier groove may be provided on the outer 
peripheral surface of the bell cup for temporarily storing 
effluent solvent from the solvent passages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
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Fig. 1 is a vertical sectional view of a rotary atomiz- 
ing head type coating machine adopted as a first 
embodiment of the present invention; 
Fig. 2 is an enlarged vertical sectional view through 

5 major components of the rotary atomizing head 
type coating machine of Fig. 1 ; 
Fig. 3 is a cross-sectional view of the rotary atomiz- 
ing head type coating machine taken in the direc- 
tion of arrows Ill-Ill of Fig. 2; 

10 Fig. 4 is a vertical sectional view of the rotary atom- 
izing head shown in Fig. 1 ; 
Fig. 5 is a cross-sectional view of the rotary atomiz- 
ing head taken in the direction of arrows V-V of Fig. 
4; 

15 Fig. 6 is an enlarged vertical sectional view through 
major component parts of the rotary atomizing 
head of Fig. 2 under a washing treatment; 
Fig. 7 is a diagram explanatory of tasks performed 
in coating and washing operations; 

20 Fig. 8 is a vertical sectional view of a rotary atomiz- 
ing head type coating machine adopted as a sec- 
ond embodiment of the present invention; 
Fig. 9 is an enlarged vertical sectional view through 
major component parts of the rotary atomizing 

25 head type coating machine shown in Fig. 8; 

Fig. 10 is a view similar to Fig. 6 but showing a feed 
tube and a flange portion in a third embodiment of 
the present invention; 

Fig. 1 1 is a side view of the flange portion taken in 
30 the direction of arrows XI-XI of Fig. 10; and 

Fig. 12 is a view similar to Fig. 6 but showing a 
rotary atomizing head in a fourth embodiment of the 
present invention. 

35 PEST MODE FOR CARRYING OUT THE INVENTION 

Hereafter, practical forms of the rotary atomizing 
head type coating machine according to the present 
invention are described in detail with reference to the 
40 accompanying drawings. 

Shown in Figs. 1 through 7 of the accompanying 
drawings is a first embodiment of the rotary atomizing 
head type coating machine according to the present 
invention. 

45 In these figures, indicated at 1 is a cover which 
determines the outer configuration of the rotary atomiz- 
ing type coating machine. The cover 1 is largely consti- 
tuted by a thin-wall cylindrical cover body 2 and a 
shaping air ring 3 which is provided at the front end of 

so the cover body 2. The cover body 2 accommodates 
therein a front housing 6 and an air motor 6 which will be 
described hereinafter. 

The shaping air ring 3 is formed in a stepped cylin- 
drical shape as shown in Fig. 2, and has a large number 

55 of shaping air outlet holes 4 arranged in an annular 
array on its front end face 3A as shown in Fig. 3. An 
annular recess 3B is formed on the inner peripheral side 
of the front end face 3A of the shaping air ring 3 radially 
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on the inner side of the respective shaping air outlet 
holes 4. Formed contiguously on the rear side of the 
annular recess 3B is a receiving portion 3C which 
receives a rear portion of a rotary atomizing head 12 
which will be described hereinafter. 5 

Indicated at 5 is a shaping air passage which is pro- 
vided between the front housing 6 and the shaping air 
ring 3. This shaping air passageway 5 is largely consti- 
tuted by an air passage 5A which is formed axially 
around the outer periphery of the front housing 6, an 
annular passage 5B which is formed between the front 
cover 6 and the tubular cover body 2, a plural number of 
air feed passages 5C (only two air of which are shown 
in the drawings) which are formed axially around the 
outer periphery of the shaping air ring 3, and an annular 
air chamber 5D which is in communication with the 
respective air feed passages 5C. The shaping air cham- 
ber 5D is communicated with the afore-mentioned 
shaping air outlet holes 4. Further, the shaping air pas- 
sage 5 is connected to a shaping air source through air 
feed pipes and a control valve or the like which are not 
shown in the drawings. 

In this instance, through the respective shaping air 
outlet holes 4, shaping air is spurted toward the outer 
peripheral side of the rotary atomizing head 12, so that 
the spray of paint particles from the rotary atomizing 
head 12 is shaped into a suitable pattern. In addition, 
the shaping air serves to push a solvent like thinner 
against outer peripheral surface 13H of the bell cup 13 
as soon as the thinner flows out through a thinner pas- 
sage 18, which will be described hereinafter, at the time 
of washing the rotary atomizing head 12, thereby guid- 
ing the thinner toward end portions of the bell cup 13 
against centrifugal force acting thereon as a result of 
high speed rotation of the rotary atomizing head 12. 

Denoted at 6 is a front housing which is accommo- 
dated in the cylindrical cover body 2. The front housing 
6 is formed in a stepped cylindrical shape and closed at 
the bottom end. An air motor 8 is fitted in a motor receiv- 
ing cavity 6A in the front housing 6 and fixed in position 
by a fixation ring 7 which is threaded into an open fore 
end portion of the motor receiving cavity 6A. 

Indicated at 8 is the air motor which is mounted 
within the motor receiving cavity 6A of the front housing 
6 as mentioned above. This air motor 8 is constituted by 
a motor housing 9 of stepped cylindrical shape having 
an axial bore 9A for a rotational shaft and a turbine 
chamber 9B which is formed by spreading the diameter 
of deeper portions of the axial bore 9A, an air turbine 10 
rotatably received in the turbine chamber 9B, and an air 
bearing (not shown) to permit high speed rotation of a 
rotational shaft 1 1 which will be described hereinafter. A 
high voltage is applied to the motor housing 9 through a 
high voltage cable 42 which will also be descrtoed here- 
inafter. 

Designated at 1 1 is a hollow rotational shaft which 
is provided in the axial bore 9A of the motor housing 9. 
This rotational shaft 1 1 is rotatably supported through 



an air bearing for rotation at high speed, and fitted in the 
air turbine 1 0 in its base end portion. A fore end portion 
of the rotational shaft 1 1 is protruded from the motor 
housing 9 to support the rotary atomizing head 12 on its 
distal end. 

The rotary atomizing head 12, which is mounted on 
the rotational shaft 11, is largely constituted by a bell 
cup 13, a hub member 14, paint outlet holes 15, thinner 
outlet holes 16, a paint reservoir 17, and a thinner pas- 
sage 18 as described below. 

The bell cup 13 which determines the outer config- 
uration of the rotary atomizing head 12 is formed in a 
bell- or cup-like shape which is spread from rear to front 
side thereof, and provided with a shaft fixing portion 1 3A 
on its rear side to be threaded on the fore distal end of 
the rotational shaft 11. Further, the bell cup 13 is cen- 
trally provided with an annular partition wall 13B which 
is projected in a radially inward direction. Extended into 
the inner periphery of the annular partition wall 13B is 
the fore end of a feed tube 23 which is protruded from 
the fore end of the rotational shaft 11 in the manner as 
will be described hereinafter. 

Further, the inner periphery of the bell cup 13 is 
gradually increased in diameter in a skirt-like fashion 
toward its fore end from the annular partition wall 13B. 
Front portions of the inner peripheral surface of the bell 
cup 13 provide a paint spreading surface 13C to spread 
a paint into thin films toward marginal releasing edge 
1 3D at its front end. On the other hand, rear portions of 
the inner peripheral surface of the bell cup 13 provide a 
paint receiving surface 13E for receiving paint or thinner 
thereon. Furthermore, the bell cup 13 is formed with a 
hub mounting groove 13F between the film spreading 
surface 13C and the paint receiving surface 13E, along 
with a guide counting portion 13G which is provided in 
an axially intermediate position on its outer periphery. 

Indicated at 14 is a hub member which is fitted in 
the hub mounting groove 13F of the bell cup 13, defining 
a paint reservoir 17 between its inner face and the bell 
cup 13. The hub member 14 is formed in a circular disk- 
like shape and mounted in coaxial relation with the bell 
cup 13. Further, the hub member 14 is provided with a 
flat front face 14A which is continuously adjoined with 
the paint spreading surface 13C. The rear face of the 
hub member 14 serves as a paint supply surface 14B. 

In this instance, liquid contacting surfaces of the 
rotary atomizing head 12 include the paint spreading 
surface 13C, marginal releasing edge 13D and paint 
receiving surface 13E of the bell cup 13 and the front 
face 14A and paint supply surface 14B of the hub mem- 
ber 14. 

Indicated at 15 are a large number of paint outlet 
holes (only two of which are shown in the drawings) 
which are arranged circularly along and on the side of 
the outer periphery of the hub member 14. Through 
these paint outlet holes 15, paint or thinner, which has 
been spouted on the inner peripheral side of the bell cup 
13. is allowed to flow out onto the paint spreading sur- 
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face 13C. 

Denoted at 16 are a plural number of thinner outlet 
holes (only two of which are shown in the drawings) 
which are provided around the center of the hub mem- 
ber 14 to connect the paint supply surface 14B with the 5 
front face 14A thereof. At the time of washing the rotary 
atomizing head 12, the thinner which has been spouted 
into the inner peripheral side of the bell cup 1 3 from the 
feed tube 23 is allowed to flow out onto the front face 1 4 
of the hub member 1 4 through these thinner outlet holes 
16. 

Indicated at 17 is the paint reservoir which is 
defined between the paint supply surface 14B and the 
paint receiving surface 13E of the bell cup 13 by mount- 
ing the hub member 14 in the hub groove 13F on the 
bell cup 13. In this instance, the paint or thinner which 
has been spouted out through the feed tube 23 is tem- 
porarily held in the paint reservoir 17 and diffused over 
the entire space of the paint reservoir. 

Designated at 18 are a plural number of thinner 
passages (only two of which are shown in the drawings) 
which are provided at predetermined intervals in the cir- 
cumferential direction of the bell cup 13. These thinner 
passages 18 are opened to the paint receiving surface 
13E of the bell cup 13 as an inlet openings 18A and to 
the outer periphery 13H of the bell cup 18 as an outlet 
openings 18B at their inlet and outlet, and extend from 
the inner peripheral side to the outer peripheral side of 
the bell cup 13 respectively. Therefore, at the time of 
washing the rotary atomizing head 12, the thinner which 
has been introduced into the paint reservoir 17 through 
the thinner supply passage 25 of the feed tube 23 is 
allowed to flow out onto the outer peripheral side of the 
bell cup 13 through respective thinner passages 18. 

In this instance, as shown in Fig. 6, the inlet open- 
ings 18A of the thinner passages 18 are located in 
deeper positions than the respective paint outlet holes 
15 with a predetermined spacing G from the paint outlet 
holes. Therefore, during a paint coating operation, the 
paint which has been supplied to the paint reservoir 1 7 
through the paint supply passage 24 of the feed tube 23 
is prevented from flowing into the thinner passages 18. 
On the other hand, during a washing operation, the thin- 
ner which has been supplied to the paint reservoir 17 
through the thinner supply passage 25 is allowed to flow 
into the thinner passages 18. 

The respective thinner passages 18 are inclined 
toward the rear side of the bell cup 1 3 gradually from the 
inlet openings 18A to the outlet openings 18B. Namely, 
as compared with the positions of the inlet openings 
1 8A, the positions of the outlet openings 1 8B of the thin- 
ner passages 18 are shifted in a direction rearward of 
the bell cup 13. Consequently, the paint is prevented 
from flowing into the thinner passages 18 during paint 
coating operations. 

In addition, as shown in Fig. 5, the thinner pas- 
sages 18 are inclined in the rotational direction (in the 
direction of arrow A), that is to say, are twisted in the 



12 

rotational direction of the rotary atomizing head 12 
gradually from their inlet openings 18A to the outlet 
openings 18B. Namely, each one of the thinner pas- 
sages 18 is inclined through a predetermined angle a, 
for example, through an angle in the range between 15° 
and 50° relative to the radius of the bell cup 13. There- 
fore, at the time of a washing operation for the rotary 
atomizing head 12, the thinner which has been spouted 
into the paint reservoir 17 is allowed to flow into the 
respective thinner passages 18 in a more facilitated 
manner. 

Indicated at 19 is an annular guide which is 
mounted on the stepped mount portion 13G of the bell 
cup 13. The annular guide 19 includes an annular base 
portion 19A which is fitted on the stepped mount portion 
13G, and a spread front portion 19B of bell- or cup-like 
shape which is diverged in the forward direction from 
the annular base portion 19A to extend in a predeter- 
mined spaced relation with the outer peripheral surface 
13H of the bell cup 13. 

Indicated at 20 is a thinner diffusing chamber which 
is formed between the inner peripheral surface of the 
forwardly spread front portion 19B of the annular guide 
19 and the outer peripheral surface 13H of the bell cup 
13. This thinner diffusing chamber 20 is formed annu- 
larly around the entire periphery of the bell cup 13, and 
an outlet opening 18B of the thinner supply passage 18 
is opened at the depth of the thinner diffusing chamber 
20. 

Denoted at 21 is an annular protuberance which is 
provided on the inner peripheral surface of the forwardly 
spread front portion 19B of the annular guide 19. This 
annular protuberance 21 is formed around the entire 
inner periphery of the annular guide 1 9 to form an annu- 
lar constricted passage 22 around the outer peripheral 
surface 13H of the bell cup 13. At the time of washing 
the rotary atomizing head 12, the annular protuberance 
21 functions as a dam for temporarily holding back the 
thinner to be spread toward the fore end of the bell cup 
13. 

The feed tube 23 is axially provided internally of the 
rotational shaft 1 1 , and has a double tube construction 
including an inner tube 23A and an outer tube 23B 
which is formed coaxially around the outer periphery of 
the inner tube 23A. Base end portion of the feed tube 23 
is fitted in the motor housing 9 of the air motor 8. The 
inner tube 23A has its fore end protruded from the rota- 
tional shaft 1 1 and the outer tube 23 B to extend into the 
paint reservoir 17 on the rotary atomizing head 12. On 
the other hand, the outer tube 23B is provided with a 
check valve 23C which is resiliency abutted against the 
outer periphery of the inner tube 23A at its fore end, and 
said check valve 23 is opened when thinner is supplied 
from the thinner supply passage 25. 

The inner tube 23A internally provides the paint 
supply passage 24 which is connected to a color chang- 
ing valve device through a paint feed pipe (both not 
shown). Formed between the inner tube 23A and the 
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outer tube 23B is an annular thinner supply passage 25 
which is connected to a thinner source through a thinner 
feed pipe (both not shown). 

Indicated at 26 is a flange portion which is formed 
at the fore end of the inner tube 23A of the feed tube 23. 
The flange portion 26 is in the form of an annular protu- 
berance which is of semi-circular shape in section and 
projected radially outward from the outer periphery of 
the inner tube 23A. Upon collision against the flange 
portion 26, the thinner which is spouted out of the thin- 
ner supply passage 25 is diffused to distribute a large 
quantity of thinner toward the respective paint outlet 
holes 15 and thinner passages 18 which are located in 
outer positions. At the same time, the semi-circular 
shape of the flange portion 26 serves to suppress scat- 
tering of the thinner to some extent and to supply a part 
of thinner toward the centrally located thinner outlet 
holes 16. 

Denoted at 27 is a rear housing which is provided 
on the rear side of the front housing 6. This rear housing 
27 is connected to an arm 29 of a coating robot or the 
like (not shown) through a rear plate 28. 

Indicated at 30 are a large number of assist air out- 
let holes which are provided in the shaping air ring 3. As 
shown in Fig. 3, the assist air outlet holes 30 are located 
radially on the inner side of the shaping air outlet holes 
4 and opened in a circular array at the bottom of the 
annular recess 3B of the shaping air ring 3. Further, as 
shown in Fig. 6, assist air is blown out through the assist 
air outlet holes 30 in the directions between the front 
ends of the spread front portion 19B of the annular 
guide 19 and of the outer peripheral surface 13H of the 
bell cup 1 3, so that the thinner coming out of the thinner 
diffusing chamber 20 through the annular constricted 
passage 22 is forcibly pushed against the outer periph- 
eral surface 13H of the bell cup 13. 

Designated at 31 is an assist air passage which 
supplies assist air to the assist air outlet holes 30, and 
includes: an air supply passage 31 A which is extended 
axially through or along outer peripheral portions of the 
rear plate 28, rear housing 27 and front housing 6; an 
oblique passage 31 B which is connected to the fore end 
of the air supply passage 31 A and extended obliquely 
through the fixation ring 7; an annular air gallery 31 C 
which is defined between the motor housing 9 and the 
fixation ring 7 in communication with the oblique pas- 
sage 31 B; a plural number of distribution passages 31 D 
(only two of which are shown in the drawing) which are 
extended forward from the annular air gallery 31 C 
through the shaping air ring 3; and an annular air cham- 
ber 31 E which is formed in front of and in communica- 
tion with the fore ends of the respective distribution 
passages 31 D. The air chamber 31 E is communicated 
with the above-described assist air outlet holes 30. 

Indicated at 32 are exhaust air passages, for exam- 
ple, a couple of exhaust air passages which both serve 
to discharge compressed air which has been used for 
rotation of the air turbine 10. Each exhaust air passage 



32 is bifurcated on the downstream side into a first 
branch passage 32A and a second branch passage 
32B. The first branch passage 32A of each exhaust air 
passage 32 is opened on the outer periphery of the 

5 motor housing 9 and communicated with an exhaust 
passage 33 which is extended axially through or along 
outer peripheral portions of the front housing 6, rear 
housing 27 and rear plate 28. On the other hand, the 
second branch passage 32B is opened forward of the 

w motor housing 9 and communicated with the annular air 
gallery 31 C of the assist air passage 31. 

In this instance, indicated at 34 is a plug which is 
removably attached to the rear plate 28 at the open end 
of an air discharge passage 33 thereby closing the air 

15 discharge passage 33 and letting exhaust air from the 
air motor be discharged through the second branch 
passage 32B of each exhaust air passage 32. 

Each one of the second branch passages 32B is 
tapped with internal screw thread for engagement with a 

20 plug (not shown) which can be removably threaded 
thereinto. As a consequence, it is possible to establish 
or block the communication between the air discharge 
passage 33 and the assist air passage 31. In case the 
second branch passage 32B is plugged and the above- 

25 mentioned plug 34 is removed, the machine is arranged 
in the manner as in a second embodiment of the inven- 
tion which will be described hereinafter. 

Indicated at 35 is an air feed pipe which is con- 
nected with the air supply passage 31 A of the assist air 

30 passage 31 to connect same with a pressurized air 
source 36 like a compressor. 

Designated at 37 is an assist air control means or 
controller which is provided within the length of the air 
feed pipe 35. The assist air controller 37 is largely con- 

35 stituted by a regulator valve 38 which is provided within 
the length of the air feed pipe 35 and a control unit 40 
which is connected to the regulator valve 38 through 
lead wire 39. While monitoring the flow rate or pressure 
of shaping air blown out through the respective shaping 

40 air outlet holes 4 as well as the flow rate or pressure of 
exhaust air supplied from the respective exhaust air 
passages 32 by the control unit 40, the assist air con- 
troller 37 permits to control the regulator valve 38 by sig- 
nals from the control unit 40 for adjusting the air supply 

45 from the pressurized air source 36 to the assist air pas- 
sage 31 to an optimum value. 

In this instance, since the pressure of compressed 
air corresponds to its flow rate, a pressure regulator 
valve or a flow regulator valve can be employed for the 

so regulator valve 38. The opening of the regulator valve 
38 can be controlled by feeding back the supply air 
pressure in the air feed pipe 35 to the control unit 40. 

Indicated at 41 is a detection cable which is passed 
axially through the front housing 6. rear housing 27 and 

55 rear plate 28 for detecting the rotational speed of the air 
turbine 10 of the air motor 8, and at 42 is a high voltage 
cable which is passed through the rear housing 27 and 
connected to the motor housing 9 through a connector 
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cable 43. 

With the rotary atomizing head type paint coating 
machine of the present embodiment, which is arranged 
as described above, paint coating operations are per- 
formed in the manner as follows. 5 

At the time of a coating operation, firstly the air 
motor 8 is started to put the rotary atomizing head 12 in 
high speed rotation along with the rotational shaft 1 1 . In 
the next place, paint is fed from the paint supply pas- 
sage 24 of the feed tube 23 to the paint reservoir 1 7 on 
the rotary atomizing head 12. As a result, the paint 
which has been introduced into the paint reservoir 17 is 
allowed to flow out onto the paint spreading surface 1 3C 
of the bell cup 13 through the respective paint outlet 
holes 15. The paint is spread into a thin film on the paint 
spreading surface 13C and then released forward from 
the releasing edges 13D in the form of finely atomized 
paint particles. 

At this time, a high voltage is applied to the motor 
housing 9 of the air motor 8 through the high voltage 
cable 42 and connector cable 43. Since the high voltage 
is also applied to the rotary atomizing head 12 which is 
electrically connected with the motor housing 9 through 
the rotational shaft 1 1 , an electrostatic field is formed 
between the rotary atomizing head 12 and a coating 
object which is connected to the earth. As a result, 
atomized paint particles released from the rotary atom- 
izing head 12 are urged to fly along the electrostatic 
field and deposit on the coating object. On the other 
hand, the sprays of paint particles are shaped into a 
desired pattern by shaping air which is spurted out 
through the respective shaping air outlet holes 4. 

When it becomes necessary to change the paint 
color, air and thinner are supplied from a color changing 
valve device to wash away paint of a previous color 
which has deposited in or on paint feed pipes, paint sup- 
ply passage 24 and rotary atomizing head 12 before 
paint of a fresh or next color is supplied from the color 
changing valve device to fill the paint supply passage 24 
and so forth. 

However, when paint of a next color is supplied in 
this manner, the paint which has been spouted into the 
rotary atomizing head 1 2 from the paint supply passage 
24 may deposit on the front face 1 4A of the hub member 
14 and the outer peripheral surface 13H of the bell cup 
13 of the rotary atomizing head 12. Besides, solidifica- 
tion occurs to the paint which has deposited on the 
rotary atomizing head, for example, on the inner periph- 
eral surface of the bell cup 13 of the rotary atomizing 
head 12 when a coating operation is temporarily sus- 
pended due to a trouble on a coating line or for a lunch- 
time break. Further, in a coating operation using paint of 
the same color for a long period of time, the paint may 
deposit and accumulate on the rotary atomizing head 
12. 

In such a case, since solidified paint on the rotary 
atomizing head 12 could fall off in fragments to cause 
coating defects, paint deposits on various parts of the 



rotary atomizing head 12 have to be washed off. 

Described below is a washing operation for remov- 
ing deposited paint from various parts of the rotary 
atomizing head 12. 

Firstly, for a rotary atomizing head washing opera- 
tion, the rotary atomizing head 12 is rotated by the air 
motor 8 along with the rotational shaft 1 1 , and thinner is 
supplied through the thinner supply passage 25 of the 
feed tube 23. At this time, as shown in Fig. 6, the check 
valve 23C is opened to feed thinner to the paint reser- 
voir 17 through the thinner supply passage 25. 

The thinner which has been spouted from the thin- 
ner supply passage 25 is collided against the flange 
portion 26, which is projected in radially outward direc- 
tion at the fore end of the inner tube 23A, and scattered 
around over a wide range within the paint reservoir 1 7. 
While being scattered around within the paint reservoir 
17, a part of the thinner is distributed toward the paint 
outlet holes 15 and the thinner passages 18, which are 
located in outer peripheral regions. Because of the 
arcuately round shape of the flange portion 26, other 
part of the thinner is scattered in a less degree and dis- 
tributed toward the respective thinner outlet holes 16 
which are located in center regions. 

Accordingly, the thinner portion which has been 
scattered within the paint reservoir 17 toward the 
respective paint outlet holes 15 is urged to flow out onto 
the paint spreading surface 13C of the bell cup 13 
through the paint outlet holes 15. Consequently, depos- 
ited paint on the paint spreading surface 13C and the 
marginal releasing edge 13D of the bell cup 13 is 
washed away with the thinner which is eventually 
released from the marginal releasing edge 13D. 

Further, a part of the thinner which has been distrib- 
uted toward the thinner outlet holes 16 is urged to flow 
out through the respective thinner outlet holes 16 onto 
the front face 14A of the hub member 14 to wash away 
deposited paint therefrom. This part of the thinner is 
then allowed to flow over the paint spreading surface 
13C and eventually released from the marginal releas- 
ing edge 13D. 

On the other hand, a part of the thinner which has 
been distributed toward the inlet openings 18A of the 
thinner passages 1 8 is urged to flow out in radially out- 
ward directions of the bell cup 1 3 through the respective 
thinner passages 18. However, since the annular guide 

19 is provided around the entire outer peripheral side of 
the bell cup 13, the thinner which comes out of the 
respective thinner passages 18 is caused to flow 
through the thinner diffusing chamber 20 under the 
guidance of the annular guide 19 toward the front end of 
the annuler guide 19 until it collides against the annular 
protuberance 21. By the aforementioned dam effects of 
the annular protuberance 21 , the thinner is temporarily 
held back and then diffused around the entire periphery 
of the bell cup 13 within the thinner diffusing chamber 

20 under the influence of centrifugal force. 

Then, the thinner in the diffusing chamber 20 is 
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guided along the spread front portion 1 9B of the annular 
guide 19 toward the front portion of the bell cup 13 to 
flow onto the outer peripheral surface 13H of the bell 
cup 13, flowing over the annular protuberance 21 and 
through the annular constricted passage 22. 5 

During the washing operation, air is supplied to the 
shaping air outlet holes 4 from the shaping air supply 
passage 5 to spurt shaping air toward the outer periph- 
eral side of the rotary atomizing head 12 through the 
respective shaping air outlet holes 4. At the same time, 10 
air is supplied to the assist air supply passage 31 from 
the pressurized air source 36 through the air feed pipe 
35, and joined by exhaust air from the air motor 8 before 
it is spurted out through the assist air outlet holes 30 in 
the directions between the fore ends of the spread front 75 
portion 19B of the annular guide 19 and of the outer 
peripheral surface 13H of the bell cup 13. 

The thinner which has come out onto the outer 
peripheral surface 1 3H of the bell cup 1 3 normally tends 
to scatter away in radially outward directions under the 20 
influence of centrifugal force resulting from high speed 
rotation of the rotary atomizing head 12, but instead the 
thinner is pushed against the outer peripheral surface 
13H of the bell cup 13 by the actions of assist air, which 
is spurted out through the respective assist air outlet 25 
holes 30, and shaping air which is spurted out through 
the respective shaping air outlet holes 4. As a result, the 
thinner is guided toward the front end of the bell cup 13 
along the outer peripheral surface 13H, washing away 
deposited paints from fore end portions of the outer 30 
peripheral surface 13H of the bell cup 13. 

Shown in Fig. 7 is a sequence of operations includ- 
ing paint coating operations for two different colors inter- 
vened by a color changing operation. In this particular 
case, the outer peripheral surface 1 3H of the bell cup 13 35 
is washed with thinner and assist air after supply of a 
next color. 

Thus, according to the present embodiment, the 
thinner which is spouted into the paint reservoir 1 7 at 
the time of washing the rotary atomizing head 12 is 40 
once introduced into the thinner diffusing chamber 20 
through the respective thinner passages 1 8 and then 
allowed to flow onto the outer peripheral surface 13H of 
the bell cup 13. At this time, by the actions of assist air 
spurted out through the respective assist air outlet holes 45 
30 and shaping air similarly spurted out through the 
respective shaping air outlet holes 4, the thinner is forci- 
bly pushed against the outer peripheral surface 13H of 
the bell cup 1 3 as it is guided toward the front end of the 
bell cup 1 3. Consequently, the thinner can be fed toward so 
the front end of the outer peripheral surface 13H of the 
bell cup 13 in intimate contact with the front end to wash 
away deposited paint in an assured manner. 

Thus, the above-described arrangements require 
only a minimum necessary amount of thinner, sup- 55 
pressing the thinner consumption to a significant degree 
as compared with a case where a washing nozzle is 
provided exclusively as in the prior art described herein- 



before. Besides, it becomes possible to shorten the 
washing time due to improvements in washing effi- 
ciency. Nevertheless, the coating machine of the 
present invention can be arranged in simpler construc- 
tion and reduced in the number of component parts and 
production cost. 

Further, by the use of shaping air spurted toward 
the rotary atomizing head 12 from the shaping air outlet 
holes 4 in combination with assist air spurted out from 
the assist air outlet holes 30 which are provided radially 
on the inner side of the shaping air outlet holes 4, the 
thinner is pushed strongly against the outer peripheral 
surface 13H of the bell cup 13 to improve the washing 
efficiency for deposited paint all the more. 

Furthermore, in addition to air from the pressurized 
air source 36, exhaust air from the air motor 8 is effec- 
tively and economically used as assist air to be spurted 
out from the respective assist air outlet holes 30. This 
makes is possible to reduce the flow rate of assist air 
from the pressurized air source 36 for the purpose of 
lessening the burdens of the pressurized air source 36. 

Moreover, air supply from the pressurized air 
source 36 is under control of the assist air controller 37, 
so that the flow rate or pressure of assist air to be 
spurted out from the respective assist air outlet holes 30 
can be controlled to an optimum value. Therefore, the 
thinner can be pushed against the outer peripheral sur- 
face 13H of the bell cup 13 most effectively in terms of 
improvements in washing efficiency. 

On the other hand, by collision against the flange 
portion 26 which is projected radially outward at the fore 
distal end of the inner tube 23A of the feed tube 23, the 
thinner can be distributed in such a way as to direct a 
large amount of thinner toward the respective paint out- 
let holes 15 while supplying part of thinner toward the 
thinner outlet holes 16 and the thinner passages 18. As 
a result, a larger quantity of thinner can be supplied to 
the flow path of the paint including the paint spreading 
surface 13G and marginal releasing edge 13D where 
the paint is most likely to deposit, thereby precluding the 
trouble of deficient washing which might result from 
insufficient supply of thinner and at the same time short- 
ening the washing time to ensure improvements in 
washing efficiency, coating quality and productivity. 

Referring now to Figs. 8 and 9, there is shown a 
second embodiment of the present invention, in which 
arrangements are made to spurt compressed air from a 
pressurized air source alone through assist air outlet 
holes, instead of using exhaust air from an air motor as 
a part of assist air. In the following description, those 
component parts which are identical with the counter- 
parts in the above-described first embodiment are sim- 
ply designated by similar reference numerals or 
characters to avoid repetition of same explanations. 

In these figures, indicated at 51 are exhaust air pas- 
sages which are provided in the motor housing 9 of the 
air motor 8. Similarly to the exhaust air passages 32 in 
the foregoing first embodiment, each one of these 
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exhaust air passages 51 is bifurcated into a first branch 
passage 51 A and a second branch passage 51 B with a 
female screw portion. The first branch passage 51 A is 
opened on the outer periphery of the motor housing and 
communicated with an air discharge passage 52 which 5 
is extended axially through the front housing 6 and rear 
housing 27. In this case, however, the air discharge pas- 
sage 52 is not fitted with a plug like the one shown at 34 
in the foregoing first embodiment, and is opened rear- 
ward at its rear end. 

Denoted at 53 are plugs which are removably fitted 
in the second branch passages 52B of the respective 
exhaust air passages 51, thereby closing the second 
branch passages as seen in Fig. 9. Therefore, exhaust 
air from the air motor 8 is discharged rearward from the 
first branch passages 51 A of the respective exhaust air 
passages 51 through the air discharge passage 52. 

Accordingly, the assist air outlet holes 30 are sup- 
plied with air from the pressurized air source 36 alone 
through the assist air passage 31 after adjustments of 
flow rate or pressure at the assist air controller 37. 

Thus, even in the case of the present embodiment 
with the arrangements just described, it is possible to 
obtain substantially the same operational effects as in 
the foregoing first embodiment. In this particular embod- 
iment, however, exhaust air from the air motor 8 is dis- 
charged from the respective exhaust air passages 51 in 
the rearward direction through the air discharge pas- 
sage 52. Accordingly, in this case, assist air to be 
spurted out through the assist air outlet holes 30 can be 
adjusted more accurately to a predetermined flow rate 
or pressure by the assist air controller 37, free of fluctu- 
ations or variations which occur to the amount of 
exhaust air of the air motor 8 depending upon condi- 
tions of coating operation. By so doing, the thinner to be 
used for washing the outer peripheral surface 1 3H of the 
bell cup 1 3 can be pushed into intimate contact with the 
outer peripheral surface by an appropriately adjusted 
amount of air for further improvements in washing effi- 
ciency. 

Shown in Figs. 10 and 1 1 is a third embodiment of 
the present invention, having a feature in that the above- 
described flange portion is provided with a plural 
number of notches at intervals in the circumferential 
direction. In the following description, those component 
parts which are identical with the counterparts in the 
foregoing first embodiment are simply designated by 
similar reference numerals or characters to avoid repe- 
tition of same explanations. 

In these figures, indicated at 61 is a feed tube which 
is employed in this embodiment in place of the feed tube 
23 of the above-described first embodiment. Similarly to 
the feed tube 23 of the first embodiment, the feed tube 
61 is arranged in double-tube construction having an 
outer tube 61 A and an inner tube 61 B. The open end of 
the outer tube 61 B is terminated at a position posterior 
to that of the inner tube 61 A, and provided with a check 
valve 61C. Further, a paint supply passage 62 is pro- 



20 

vided internally of the inner tube 61 A, while an annular 
thinner supply passage 63 is provided between the 
inner and outer tubes 61 A and 61 B. 

Indicated at 64 is a flange portion according to this 
embodiment, which is formed around the fore open end 
of the inner tube 61 A forward of the outer tube 61 B of 
the feed tube 61 . The flange portion 64 is projected radi- 
ally outward from the outer periphery of the inner tube 
61 A substantially in the same manner as the flange por- 
tion 26 in the above<lescribed first embodiment of the 
invention. The flange portion 64 of this embodiment, 
however, differs from the flange portion 26 of the first 
embodiment in that it is formed in a square shape in 
section and provided with notches 65 as will be 
described hereinafter. 

Denoted at 65 are a plural number of notches, for 
example, four notches which are formed at angular 
intervals of 90° around the circumference of the flange 
portion 64 as shown in Fig. 1 1 . These notches 65 are 
formed axially throughout the flange portion 64. 

When thinner is spouted our from the thinner supply 
passage 63 of the feed tube 61 , the flange portion 64 of 
this embodiment permits a part of the thinner to flow in 
a straightforward direction through the notches 65 for 
supply to the thinner outlet holes 16 which are formed in 
center regions of the hub member 14, as indicated by 
arrows in Fig. 10. The remainder of the thinner which 
collides against the flange portion 64 is distributed 
toward the respective paint outlet holes 15 in outer 
peripheral regions of the hub member 14 and also 
toward the thinner passages 1 8 which are opened in the 
paint receiving surface 13E of the bell cup 13. 

Thus, even in this embodiment with the arrange- 
ment just described, there can be obtained substantially 
the same operational effects as in the foregoing first 
embodiment. Especially in this particular embodiment 
with the notches 65 in the flange portion 64, however, it 
becomes possible to distribute the thinner from the feed 
tube 61 to the paint outlet holes 15, thinner outlet holes 
16 and thinner passages 18 in a suitable ratio by vary- 
ing the size, shape and/or number of the notches 65, for 
example, to distribute in a ratio where (thinner to paint 
outlet holes 15)>(thinner to thinner outlet holes 
16)>(thinner to thinner passages 18) or in a ratio where 
(thinner to paint outlet holes 15)>(thinner to thinner out- 
let holes 16)=(thinner to thinner passages 18). Accord- 
ingly, thanks to improvements in washing capacity 
including reductions in thinner consumption and wash- 
ing time, it becomes possible to wash away deposited 
paint effectively from various parts of the rotary atomiz- 
ing head, and therefore to improve the reliability of the 
rotary atomizing head type coating machine itself. 

Referring now to Fig. 12, there is shown a fourth 
embodiment of the present invention, with a feature in 
that the annular guide is eliminated from the rotary 
atomizing head. 

In that figure, indicated at 71 is a rotary atomizing 
head which is employed in this embodiment in place of 
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the rotary atomizing head 12 of the first embodiment. 
The rotary atomizing head 71 is constituted by bell cup 
72, hub member 73, paint outlet holes 74, thinner outlet 
holes 75, paint reservoir 76, thinner passages 77, annu- 
lar barrier groove 78 and so forth, which will be 5 
described hereinafter. 

The bell cup 72 which determines the outer config- 
uration of the rotary atomizing head 71 is formed in the 
shape of a cup or bell which is spread from its rear side 
to its front side. The bell cup 72 is provided with a shaft 10 
portion 72A to be mounted on a rotational shaft, an 
annular partition wall 728, a paint spreading surface 
72C for spreading paint into a thin film, marginal releas- 
ing edge 72D, a paint receiving surface 72E, a stepped 
wall portion 72F for mounting a hub member, an outer is 
peripheral surface 72G substantially in the same man- 
ner as the bell cup 13 of the above-described first 
embodiment. 

Indicated at 73 is a hub member which is fitted on 
the stepped wall portion 72F of the bell cup 72. The hub 20 
member 73 is provided with circular disc-like front face 
73A and paint supply surface 73B substantially in the 
same manner as the hub member 1 4 of the first embod- 
iment. Besides, the hub member 73 is provided with a 
large number of paint outlet holes 74 in its outer periph- 25 
eral regions, along with a plural number of thinner outlet 
holes 75 which are formed in center regions as solvent 
outlet holes (only two of which are shown in the draw- 
ing). Furthermore, a paint reservoir 76 is defined 
between the hub member 73 and the bell cup 72. 30 

Indicated at 77 are a plural number of thinner pas- 
sages (only two of which are shown in the drawing) 
which are provided as solvent passages at predeter- 
mined intervals in the circumferential direction of the 
bell cup 72. Similarly to the thinner passages 1 8 of the 35 
above-described first embodiment, these thinner pas- 
sages 77 permit thinner in the paint reservoir 76 to enter 
inlet openings 77A and flow out onto the outer periph- 
eral surface 72G of the bell cup 72 through outlet open- 
ings 77B. 40 

Designated at 78 is an annular barrier groove which 
is provided on the outer peripheral surface 72G of the 
bell cup 72. This annular barrier groove 78 is an annular 
V-groove dam which is formed between the thinner pas- 
sages 77 and the marginal releasing edge 72D. The 45 
annular barrier groove 78 functions to temporarily hold 
back the flow of thinner from the respective thinner pas- 
sages 77, thereby diffusing the thinner uniformly over 
the outer peripheral surface 72G of the bell cup 72. 

Thus, even in the case of the present embodiment so 
with the arrangements just described, it is possible to 
obtain substantially the same operational effects as in 
the above-described first embodiment. In this particular 
embodiment, however, assist air which is spurted from 
the respective assist air outlet holes 30 is directed ss 
toward those areas between the annular barrier groove 
78 and fore end portions of the outer peripheral surface 
72G of the bell cup 72 for guiding the thinner toward the 



fore end of the bell cup 72. 

In the foregoing embodiments, the present inven- 
tion has been described by way of a rotary atomizing 
head 12 or 71 of a bell- or cup shape which is spread 
toward its front end from its rear end. However, similar 
effects can be obtained with a rotary atomizing head of 
other shapes, for example, with a rotary atomizing head 
of an elongated cylindrical shape, if the respective 
assist air outlet holes 30 are adjusted to spurt assist air 
in an appropriate direction depending upon the shape of 
the rotary atomizing head. 

Further, in the foregoing embodiments, the inven- 
tion has been described by way of a directly charging 
rotary atomizing head type coating machine which is 
arranged to apply a high voltage to paint particles 
sprayed from a rotary atomizing head 12 or 71 through 
air motor 8, feed tube 23 or 61 and so forth. However, 
instead of a direct charging type, the present invention 
can be similarly applied to an indirectly charging rotary 
atomizing head type coating machine in which a corona 
discharge is formed forward of a rotary atomizing head 
for applying a high voltage to sprayed paint particles, 
and the present invention can be applied to a non-elec- 
trostatic rotary atomizing head type coating machine. 

Further, although a flange portion 26 or 64 is inte- 
grally provided at the distal end of an inner tube 23A or 
61 A of a feed tube 23 or 61 in the foregoing embodi- 
ments, the present invention is not restricted to this par- 
ticular arrangement. For example, a separately formed 
flange member may be bonded or fitted on the inner 
tube, or alternatively the flange portion may be abol- 
ished if desired. 

Furthermore, instead of providing four notches 65 
at angular intervals of 90° around the circumference of 
the flange portion 64 as in the above-described third 
embodiment, there may be provided two, three or more 
than five notches, if desired. There is no restriction in 
particular with regard to the number, shape and size of 
the notches. Namely, the size, shape and number of the 
notches 65 should be determined suitably in relation 
with thinner discharge rate and thinner distribution rates 
to various parts of the rotary atomizing head. 

INDUSTRIAL APPLICABILITY 

As clear from the foregoing detailed description, 
according to the present invention, by the action of 
assist air which is spurted out through the assist air out- 
let holes, a solvent which has come out through the 
respective solvent passages can be guided toward the 
fore end of the bell cup, thereby preventing the solvent 
from being scattered away in radially outward directions 
under the influence of centrifugal force resulting from 
high speed rotation of the rotary atomizing head. As a 
consequence of suppression of scattering, it becomes 
possible to bring the solvent into intimate contact with 
the outer peripheral surface of the bell cup, that is to say, 
to wash away deposited paint from the outer peripheral 
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surface by the use of a smaller quantity of solvent and in 
a more reliable manner, thereby permitting to suppress 
consumption of the solvent to a minimum necessary 
amount and at the same time to improve washing effi- 
ciency through reduction of washing time. 

In this instance, by cooperative actions of assist air 
which is spurted out through the assist air outlet holes 
and shaping air which is spurted out through the shap- 
ing air outlet holes, the solvent which f bws out through 
the respective solvent passages can be pushed against 
the outer peripheral surface of the bell cup and guided 
toward the fore end of the bell cup against the centrifu- 
gal force resulting from high speed rotation of the rotary 
atomizing head. This makes it possible to suppress 
scattering of the solvent toward the outer peripheral 
side and wash away deposited paint efficiently from the 
outer peripheral surface of the bell cup. 

Claims 

1. A rotary atomizing head type coating machine, 
comprising a cover of cylindrical shape, an air 
motor provided within said cover; a rotational shaft 
provided axially in and rotated by said air motor; a 
rotary atomizing head mounted on said rotational 
shaft for high speed rotation therewith; and a feed 
tube provided axially in said rotational shaft and 
having a fore end portion extended into said rotary 
atomizing head for spouting paint or solvent there- 
into, characterized in that said rotary atomizing 
head type coating machine comprises: 

said rotary atomizing head constituted by a bell 
cup of bell- or cup-like shape, a hub member 
mounted on the inner peripheral side of said 
bell cup and defining a paint reservoir on and 
together with said bell cup for temporarily stor- 
ing paint spouted through said feed tube, a plu- 
ral number of paint outlet holes provided in said 
hub member to let paint or solvent supplied to 
said paint reservoir through said feed tube flow 
out from said paint reservoir onto fore inner 
peripheral surface of said bell cup, and a plural 
number of solvent passages provided in said 
bell cup to let a solvent supplied to said paint 
reservoir through said feed tube flow out from 
said paint reservoir onto outer peripheral sur- 
face of said bell cup; and 
assist air outlet holes provided in front end por- 
tions of said cover to spurt assist air for guiding 
said solvent toward the front end of said bell 
cup upon coming out onto outer peripheral side 
of said bell cup through said solvent passages. 

2. A rotary atomizing head type coating machine as 
defined in claim 1, further comprising shaping air 
outlet holes provided in front end portions of said 
cover radially on the outer side of said assist air out- 



let holes. 

3. A rotary atomizing head type coating machine as 
defined in claim 1 or 2, wherein said cover is inter- 

s nally provided with an assist air passage to deliver 
assist air supplied from a pressurized air source, 
and an exhaust air passage to deliver exhaust air 
from said air motor, air from said assist air passage 
and exhaust air passage being joined together and 

10 spurted out through said assist air outlet holes. 

4. A rotary atomizing head type coating machine as 
defined in claim 3, wherein a plug is detachably 
attached to said exhaust air passage for selectively 

15 bringing said exhaust air passage into and out of 
communication with said assist air passage. 

5. A rotary atomizing head type coating machine as 
defined in claim 3, further comprising an assist air 

20 controlling means provided between said assist air 
passage and said pressurized air source for con- 
trolling flow rate or pressure of said assist air. 

6. A rotary atomizing head type coating machine as 
25 defined in claim 1 , further comprising a flange por- 
tion formed around the fore end of said feed tube for 
diffusing distribution of solvent spouted through 
said feed tube. 

30 7. A rotary atomizing head type coating machine as 
defined in claim 6, wherein said flange portion is 
provided with a number of notches at intervals 
around the circumference thereof. 

35 8. A rotary atomizing head type coating machine as 
defined in claim 1, 2 or 6, further comprising an 
annular guide member provided around the outer 
peripheral surface of said bell cup in predetermined 
spaced relation with the bell cup to form therebe- 

40 tween a solvent diffusing chamber for diffused dis- 
tribution of said solvent coming out of said solvent 
passages. 

9. A rotary atomizing head type coating machine as 
45 defined in claim 8, further comprising an annular 
protuberance provided within said solvent diffusing 
chamber for distributing flow of said solvent around 
the entire outer periphery of said bell cup. 

so 10. A rotary atomizing head type coating machine as 
defined in claim 1, 2 or 6, further comprising an 
annular barrier groove provided on the outer 
peripheral surface of said bell cup for temporarily 
storing effluent solvent from said solvent passages. 

55 



13 



JSDOCID: <EP 0878238A1_I_> 



EP 0 878 238 A1 




14 



EP 0 878 238 A1 



Fig. 2 




15 



JSDOCID: <EP 0878238A1_I_> 



EP 0 878 238 A1 



Fig. 3 




16 

4SDOCID: <EP_087B238A1_I_> 



EP 0 878 238 A1 



Fig. U 



13H V 




JSDOCID: <EP 0878238A1J_> 



17 



EP 0 878 238 A1 



Fig. 5 




JSDOCID: <EP 0878238A1_I_> 



18 



EP 0 878 238 A1 



Fig. 6 




19 



EP 0 878 238 A1 




20 




4SDOCID: <EP 0878238A1J_> 




4SDOCID: <EP 0878238A1 J_> 



EP 0 878 238 A1 



Fig. 11 




4SDOCID: <EP 0878238A1_I_> 



24 




25 

JSDOCID: <EP 0878238A1_L> 



0 


0 


EP 0 878 238 A1 




INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/ JP97/044 05 



A. CLASSIFICATION OF SUBJECT MATTER 



Int. CI 6 B05B3/10, B05B5/04, B05B15/02 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 6 B05B3/10, B05B5/04, B05B15/02 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 ToroJoi Jitsuyo Shinan Koho 1994-1998 

Kokai Jitsuyo Shinan Koho 1971-1998 Jitsuyo Shinan ToroJoi Koho 1996-1998 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


JP, 02-503647, A (Ransburg Corp.), 

November 1, 1990 (01. 11. 90) 

& EP, 371977, Al & WO, 88/10153, Al 


1-10 


A 


JP, 03-151071, A (Sames S.A.), 

June 27, 1991 (27. 06. 91) 

& EP, 421866, Al & US, 5106025, A 


1-10 


A 


JP, 08-155349, A (Trinity Industrial Corp.), 
June 18, 1996 (18. 06. 96) (Family: none) 


1-10 


T 


JP f 09-285742, A (ABB Industry K.K. ), 
November 4, 1997 (04. 11. 97) (Family: none) 


1-10 


T 


JP, 08-332415, A (Duur GmbH.), 
December 17, 1996 (17. 12. 96) 
& EP, 715896, Al 


1-10 



f "] Further documents are listed in the continuation of Box C. See patent family annex. 



* Special categories of cited documents: T later document published after the international Tiling dale or priority 
"A" document defining the general state of the art which is not date and not in conflict with the application but cited to understand 

considered to foe of particular relevance the principle or theory underlying the invention 

"E" earlier document but published on or after the international filing date "X" document of particular relevance; the claimed invention cannot be 
"L" document which may throw doubts on priority daim(s) or which is considered novel or cannot be considered to involve an inventive step 

cited to establish the publication date of another citation or other when the document is taken alone 

special reason ( as specified) "Y* document of particular relevance; the daimcd invention cannot be 
"O" document referring to an oral disclosure, use, exhibition or other considered to involve an inventive step when the document is 

means combined with one or more other such documents, such combination 

"P" document published prior to the international filing date but later than being obvious to a person skilled in the art 

the priority date claimed "A" document member of the same patent family 



Date of the actual completion of the international search 
February 24, 1998 (24. 02. 98) 


Date of mailing of the international search report 
March 3, 1998 (03. 03. 98) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 

Telephone No. | 



Form PCT/ISA/210 (second sheet) (July 1992) 



26 



JSDOCID: <EP 0878238A1_U> 



